The main purpose of handoff protocol is to provide high data rate and seamless supporting real-time services in the vehicle communication system. Potentially, Wireless Mesh Network (WMN) is one of the best answers to the vehicle communication system. How to provide efficient handoff protocol in the vehicle communication system is the major issue of our design. We analyzed the mathematical module of the vehicle communication system in this paper. Then considering a typical vehicle communication system, we propose a Cross-layer Fast Handoff Protocol (CFHP) which takes into account the signal strength, hops and link state. Compared with the existing AODV based handoff protocols, our protocol with fast handoff mechanism improves the system throughput and the delivery ratio significantly.
Introduction
Wireless Mesh Network (WMN) is a new distributed broadband access network. Compared with the typical mobile Ad hoc network, it is with less mobility and usually not powered by battery. Such features bring many advantages to WMN, such as low cost, easy network maintenance, robustness, and reliable service coverage. As a special form of Ad hoc network, WMN is a powerful and potentially disruptive technology. According to our research, we believe that WMN is the one of the best answers to the vehicle communication system. The traditional AODV based handoff protocols can't meet the performance requirement of the vehicle communication system because it takes more than 50ms during the handoff process and the required handoff time period should be less than 50ms according to the real-time services described in [1] . When the vehicle moves out of the communication rage of the MAP, it will stop transmitting data until finding a new route. Therefore the traditional handoff protocols based on AODV can't support seamless services. However, we need to provide seamless services in the vehicle communication system. In this paper a Cross-layer Fast Handoff Protocol (CFHP) is presented to provide a seamless transmission in the vehicle communicaton system. As a result, our proposed protocol can not only provide seamless services but also improve the system throughput and the delivery ratio compared to the traditional handoff protocols based on AODV. The rest of the paper is organized as follows: Section II describes the previous work on layer-2 and layer-3 handoff. Section III introduces the typical solutions of the vehicle communication system. Section IV proposes the handoff protocol implementation in detail. Section V shows the simulation results and related analysis. Finally, Section VI concludes this paper.
Related Work
Up till now, many people have worked a lot on how to hand off efficiently for vehicle communication system. Since the maximum tolerant time for video traffic is around 50ms as mentioned in [1] , how to reduce the handoff latency is the most important issue during the handoff: There are many solutions to reduce the handoff latency in scanning phase because scanning is the most time consuming phase among the execution phase which includes scanning, authentication, and reassociation. In [2] A Selective Neighbor Caching (SNC) scheme, which propagates a station (STA)'s context to only the selected neighbor APs considering handoff frequencies between APs is proposed. In [3] , a Link-layer Initiated Handoff Protocol (LIHP) is presented. The scheme uses link-layer frames as triggers to send route updates to the mobiles and to an Access Gateway. This approach allows for IP packet routing to and from a mobile to begin immediately after the mobile establishes a link-layer association with a new Access Point.In [4] an approach indicates that cross-layer designs are increasingly adoptable to shorten the handoff latency time. In [5] the performance analysis and comparison of many algorithms, such as Traditional 802.11 s handoff [6] , Selective Scanning+Caching [7] , and Adjacent APs [5] are presented. Our work is done in a typical vehicle communication system in a single channel. Since we only have to scan one channel, scanning phase is not an essential problem anymore in this scenario. Instead, our handoff protocol addresses the suitable time when our STAs should take a handoff. During the route discovering process the APs get to know the neighboring APs in advance, and MAPs get to know the APs in advance. As a result, the STA gets to know the AP to Internet in advance. So, the handoff latency has been reduced greatly and our protocol does obtain the aim off seamless handoff. 
Route discovering process
Node A is the AP (Portal) in the WMN subnet 1 in Fig.2 , B and C is the Mesh Access Point (MAP). MAPs broadcast their existence and route to the APs. In this way, when vehicle moves inside the communication range of APs or MAPs, they can learn how to reach the Internet according to APs or MAPs. This process includes the following steps: 1) APs broadcast their existance: APs broadcast their existance periodically. In this way, An MAP learns how to reach the an AP and how many hops between itself and the AP. Meanwhile, the broadcast packet should be a special type of broadcast packet. An MAP forwards the broadcast packet when it receives it the first time. Then the later received broadcast packets with the same Sequence Number (SN) are ignored. If an MAP receives two broadcast packets from different APs, it will choose the AP with the shortest hops without rebroadcast them.
2) MAPs broadest periodical probe: MAPs broadcast packets called periodical probes with their available route to the APs periodically. Considering the speed of the vehicles in different application cases, the time period should be different. The faster the speed is, the smaller the broadcast time period should be. 3) Route Calculation: Receiving the periodical broadcast packets, a STA saves or refreshes the route to the current AP which it belongs to. In this case, if a STA wants to send some data packets to the Internet, it will put the new route into use immediately 4.2 Handoff process According to [8] , there are three phases (Detection phase, Search phase, and Execution phase) in the traditional handoff process.
1)
Detection phase: Detection phase is the phase which discovers the need for handoff In this proposed handoff protocol, there are two reasons why we should perform a handoff process. The first reason is when there is a link failing while transmitting the data packets. The second reason is that when we receive a new route which is better than the current using route to Internet. In this typical vehicle application case, there is only one STA and many MAPs which are arranged regularly along the railway. Generally speaking, the shorter the route is, the better the route will be. Furthermore, in order to avoid inappropriate handoft: we have put the power constraint into consideration. The detection process is shown in Fig.3 . There are two types of link failing detection. Firstly, if a STA wants to send some data packets to the Internet, it senses the link failing immediately. However, if a Protal wants to send some data packets especially UDP traffic to a STA, the link failing can't be sensed immediately. So in this case, the agent MAP should send a handoff request to inform the STA that the link between them is really poor. There are several modes of vehicle communication network, such as traditional 802.11 mode, Wireless Mesh Network mode.
In order to provide fluent video or voice service, the vehicle needs to keep in touch with the access points all the time. When the vehicle hands off from one AP to another, the handofftime (t) should be less than 50ms according to some research works in [1] . In other word, when the vehicle moves from M to N, it should finish handoff from AP A to AP B within 50ms. Then the distance between the APs should be:
d~2x.Jr 2 _h 2 -vt
If this network is designed for a high-speed subway, the speed should be 22.22 mls (80 km/h). If we choose r=120m and h=10m, d should be less than 238.05m.
In Wireless Mesh Network solution, we choose d}=d 2 •
The traditional vehicle communication solution is illustrated in Fig.l . We assume that the radius of every access point is r m, and the distance between the access points is d m. Meanwhile, the vehicle whose speed is v mls moves from the left to the right. Finally, point M, N has the signal of Access Point (AP) A and AP B at the same time.
Module Analysis 4 Cross-layer Fast Bandoff Protocol
Different from previous works, we mainly focus on how to effectively implement handoff in vehicle communication system. We implement this mechanism on layer-3. No 
Cross-layer design
In order to obtain the power of the candidate and the current agent MAP, we implement the cross-layer design. It's easy to obtain the signal strength at the MAC Layer. According to the cross-layer design, layer-3 can obtain the signal strength of different neighbouring node from layer-2. To avoid temporary interference, we use the average signal strength of several frames in a short time period. We implement our simulation in NS2 v2.26 under Linux. In Fig.5 , Nodes Ao~A7are considered to be MAPs and node P is considered to be the AP. We assume that all the MAPs and the AP can only communicate with each other. Node C is considered to be the vehicle. We use the 802.11 MAC protocol with other configuration parameters as described in 802.11b.
Evaluation

Simulation scenario
Comparison of CFHP and traditonal handoff protocol
From the illustrated Fig.6 , in the traditional handoff protocol in [3] the signal quality decreases sharply every time when the STA shifts to another AP. Obviously, it brings some interference to the current communication flows. Without considering the channel scanning phase, our proposed CFHP do obtain the aim of seamless handoff.
Uplink performance
In order to test the uplink performance of our proposed protocol, we bind an UDP traffic from node C to node P. The uplink throughput is illustrated in Fig.7 .
The average uplink throughput of the AODV based handoff of node P is 220.62 kbps while the averge uplink throughput DaS end cached data to the newMAF Handoff An Dat2 ) Search phase: Search phase covers the acquisiton of the information needed to perform the handoff. For the first reason in the detection phase, if there is a backoff route to the AP in store, we use the backoff route to replace the current route. If there is no backoff route in store, we then start a route discovering process to discover a suitable route to the AP. For the second reason in the detection phase, we just change the STA's next hop to the new MAP which has a shorter route to the AP. The average uplink delivery ratio of the AODV based handoff of node P is 51.83 packet/s while the average uplink delivery ratio of our proposed CFHP of node P is 53.54 packet/so So, our proposed CFHP is better than the AODV based handoff.
Downlink performance
In order to test the downlink performance of our proposed protocol, we bind an UDP traffic from node P to node C. The downlink throughput is illustrated in Fig.8 . The sharp decrease in the throughput of the AODV based handoff is cased by the long scanning phase in Fig.l0 and our proposed CFHP mitigates the problem. The average downlink throughput of the AODV based handoff of node C is 218.11 kbps while the performance of CFHP in the same situation is 224.95 kbps. It is obvious that CFHP is better than the AODV based handoff. The average downlink delivery ratio of the AODV based handoff ofnode C is 51.20 packet/s while the performance of CFHP in the same situation is 52.83 packet/so It is obvious that CFHP is better than the AODV based handoff.
Conclusion
It is such an important issue to support seamless services in the vehicle communication system. In this paper we have proposed a Cross-layer Fast Handoff Protocol (CFHP) which takes into account the signal strength, hops and link state. In this typical vehicle communication system, STAs, MAPs, and APs get to know each other during the route discovering process. So, the handoff latency has been reduced greatly. The simulation results show that our poposed CFHP works better than the traditional AODV based handoff in system throughput and the delivery ratio. So, our proposed protocol is efficient to the vehicle application. In addition, the performance of the system throughput and the delivery ratio are expected to be highly dependent on the speed of the vehicle which is our future work. And we are also to go deep into the power constrain prediction in this vehicle communication system.
